Wastewaters from fossil fuel refining, pharmaceuticals, and pesticides are the main sources of phenolic compounds. Those with more complex structures are often more toxic than the simple phenol, and yet little is known about the treatment of wastewater containing a mixture of phenolic pollutants. . The present study was aimed at assessing the efficacy of UASB and SBR for the treatment of mixtures of phenolics compounds.
The experiments were conducted in a laboratory scale UASB reactor, which had a volume of 1.414 l. A gas-liquid solid separator, GLSS was provided at the top of the reactor. The reactor was operated at constant HRT of 24 h throughout the study. The reactor was seeded with digested sewage sludge obtained from Okhla Sewage Treatment Plant, New Delhi, India. Initially the microbial culture was acclimatized to phenol concentration of 600 mg l -1 in UASB. Thereafter, different phenol: m-cresols ratio were introduced, 10:1, 4.5:1, 2.7:1, 1.75:1 and 1.2:1 and the performance of the reactor was evaluated under each case. The second experiment was conducted in a laboratory scale SBR reactor with a working volume of 1.4 l. The effluent was drawn from a volumetric exchange ratio of 50%. A fine bubble aerator in the bottom of the column was used to introduce air. The reactor was seeded with aerobic digested sludge obtained from Star Paper Mill, Saharanpur, UP, India. A constant HRT of 12h was kept throughout the study. Reactor was operated sequentially with fill, react, settle and draw periods for a cycle of 6h. In order to establish a viable biomass and minimize any potential toxic effects due to presence of phenolic compounds, the sludge was fed with phenol as batch culture up to 1000 mg l -1 concentration. After acclimatization, different phenol: m cresol ratio were introduced 6.5:1, 2:1, 1.1:1, 0.5:1 and the performance of the reactor was evaluated under each case. A start up period of 40 days was required to acclimatize the anaerobic bacterial at HRT of 24 hrs for phenol concentration of 200 mg l -1 . UASB reactor successfully biodegraded phenol and m-cresol up to a maximum ratio (1.25:1) (300: 250 mg l -1 ) with 80% efficiency. A start up period of 30 days was required to acclimatize aerobic bacteria with phenol to concentration up to 1000 mg l -1 as batch culture. The maximum phenol and m-cresol up to (1.1: 1) (800: 700 mg l -1 ) was successfully treated with efficiency of 95% in SBR.The results indicates that anaerobic treatment by UASB and aerobic treatment by SBR can be successfully used for phenol/cresol mixture, representative of major substrates in chemical and petrochemical wastewater and the results shows proper acclimatization period is essential for the degradation of m -cresol and phenol. Moreover, SBR was found as a better alternative than UASB reactor as it is more efficient and higher concentration of m cresols can be successfully degraded.
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INTRODUCTION
Wastewaters from fossil fuel, refining, pharmaceuticals, and pesticides are the main sources of phenolic pollution. Wastewaters from a refinery are a complex mixture of organic and inorganic compounds, often containing more than one type of phenolic compound. Phenol and cresols are major constituents found in refinery effluents (Berne and Cordonnier,1995) . A phenol concentration of 1 mg l -1 or greater affects aquatic life. Therefore in most cases stringent effluent discharge limit of less than 0.5 mg l -1 is imposed. Many substituted phenols including chlorophenols, nitrophenols, and cresols have been designated as priority pollutants by U.S. Environmental Protection Agency (EPA) (Keith and Telliard, 1979) . Phenols can be removed by solvent extraction, adsorption, chemical oxidation, incineration and other non-biological treatment methods but these methods suffer from serious drawbacks such as high cost and formation of hazardous by products (Loh et al.,2000) . Biological degradation is generally preferred due to lower costs and the possibility of complete mineralization However, phenolcontaining wastewater is difficult to treat because of substrate inhibition, whereby microbial growth and concomitant biodegradation of phenol are hindered by the toxicity exerted by high concentrations of the substrate itself. One of the consequences of toxic compounds in biological wastewater treatment is process instability, which can lead to a washout of the effective organisms, sometimes providing little warning of the impending failure (Tay et al., 2004; Yoong et al., 2000) . Such toxic wastes are recalcitrant to biodegradation and are toxic to microorganisms. ) of phenolic compounds mixture (R1: phenol/p-cresol/o-cresol and R2: phenol/p-cresol/m-cresol). The inoculum used was anaerobic granular sludge adapted to phenol and p-cresol degradation. The results showed that phenol and p-cresol biodegradation was not affected by the presence of other isomers. The most important conclusion from this study was that high o-cresol removal efficiency (85%) was obtained under anaerobic conditions, even when the mixture included m, p-cresol and phenol. Gallego et al. (2003) conducted experiment to study degradation and detoxification of a mixture of persistent compounds (2-chlorophenol, phenol and m-cresol) by using pure and mixed indigenous cultures both in batch and continuous aerobic reactors. Biodegradation was evaluated by determining total phenols, ultraviolet spectrophotometry and chemical oxygen demand (COD). Microbial growth was measured by the plate count method. Scanning electronic microscopy was employed to observe the microbial community in the reactor. Detoxification was evaluated by using Daphnia magna toxicity tests. Individual compounds were degraded by pure bacteria cultures within 27 h. The mixture of 2 chlorophenol (100 mg l ) was degraded by mixed bacteria cultures under batch conditions within 36 h; 99.8% of total phenols and 92.5% of COD were removed; under continuous flow conditions 99.8% of total phenols and 94.9% of COD were removed. Yu et al. (1996) compared the performance of SBRs with unaerated fill and aerated fill for the treatment of synthetic phenolic wastewater in order to select an appropriate fill mode. At low influent phenol concentrations (e.g. 400 mg l -1 ), the SBR with unaerated fill performed better than the SBR with aerated fill, in which there was a tendency for filamentous bacteria to develop. However, when the influent phenol concentration was high (e.g. > 800 mg l -1 ), phenol accumulated during the fill period in the SBR with unaerated fill became inhibitory to microorganisms.
Aerobic granules have several advantages over conventional activated sludge systems, including a strong, compact microbial structure, good setting ability and high biomass retention (Moy et al., 2002) . The present study was aimed at assessing the efficacy of UASB and SBR for treating phenol and m-cresol at different ratio.
MATERIALS AND METHODS

Reactor
The experiments were conducted in a lab scale UASB reactor, shown in Figure1, which had an internal diameter of 60 mm and a height of 500 mm. The reactor had a volume of 1.414 l. A gas-liquid-solid separator, GLSS, was provided at the top of the reactor. .
A constant HRT of 12 h was kept throughout the study. Reactor was operated sequentially with fill, react, settle and draw periods for a cycle of 6h. The experiments were performed at room temperature. There were two sampling ports arranged along the height of the column type reactor, one at 50cm and other at 30cm from the bottom of the reactors. The effluent was collected and withdrawn from the port, which was at 50cm height. The 30cm height port was used for collection of MLSS and periodical sludge wasting.
Feed composition
Pure crystal phenol was used to prepare stock solution of concentration 20,000 mg l Macronutrients and micronutrients stock solutions were prepared at a 1,000 times concentration. For optimal microbial growth 1 ml each was added to the feed solution. Buffer was also added to the feed solution at a concentration of 1000 mg l -1 of NaHCO 3 . 
Analytical methods
Analysis of phenol was done using SL-196 Elico made UV-VIS Spectrophotometer by direct colorimetric method (4-aminoantipyrine method). The COD, VSS, pH and alkalinity tests were conducted as per standard methods (APHA, 1995).
RESULTS AND DISCUSSION
The present study deals with the anaerobic treatment of phenols as mixture of phenol and mcresol. The study was carried out in a laboratory scale UASB reactor. Initially the reactor was fed with neutralized acetic acid solution for the activation of methanogens. The feed acetate concentration was 1000 mg l -1 (1 g COD l . These conditions were continued for 3 weeks till significant COD removal efficiency (80%) was achieved. Initially the microbial culture was acclimatized to phenol concentration of 600 mg l -1 in UASB for 2 months.
The second study deals with the aerobic treatment of mixture of phenol and cresols. The study was carried out in laboratory scale Sequential Batch Reactor. Initially the sludge was acclimatized with phenol in batch studies. The feed phenol concentration was increased gradually from 200 mg l -1 to 300, 400, 600, 800 and 1000 mg l -1 after 80-90% of phenol removal efficiency was reached in each stage. This was continued for 4 weeks. After the acclimatization, the sludge was transferred to the reactor. Thereafter, different phenol: mcresols ratios were introduced. 6.5:1, 2:1, 1.1:1, 0.5:1 (1300: 200) (1000: 500) (800: 700) (500: 1000 mg l -1 . The feed pattern is summarized in 
Biodegradation phenol and m-cresol in UASB
The effect of m-cresol on the phenol degradation by anaerobic bacteria was also assessed in the same UASB reactor that has been acclimatized to 600 mg l -1 of phenol concentration. Different phenols to m-cresol ratio were tried and the performance of the reactor was investigated under each case. Initially phenol to m-cresol ratio of 10:1 (500: 50 mg l -1 ) was tried. The total phenols removal efficiency dropped to 57%. However within 6 days the COD removal efficiency recovered and was about 77%. The m-cresol concentration in the feed was gradually increased and different phenol:m-cresol ratios applied were 10:1, 4.5:1, 2.7:1, 1.75:1 and 1.2:1 (500:50), (450:100), (400:150), (350:200) and (300:250 mg l -1 ) as shown in Figure 3 . The feed was changed after achieving 75% of COD removal efficiency in each stage.
On day 80, when phenol to m-cresol ratio was (1.2:1) (300: 250 mg l -1 ), the total phenols removal efficiency decreased to 42% as shown in Figure 4 . However, by day 100 the reactor again achieved 78% COD removal efficiency for the same phenol to m cresol ratio. It can be concluded from the study that higher concentration of m-cresols could be degraded successfully provided sufficient acclimatization is provided.
It has been reported in literature that around 6 weeks to 10 months time is required for acclimation of microorganisms to phenols. The acclimatization period depends upon the nature of inocula and the extent of acclimatization required. In our experiment the acclimatization period was 45 days. ). In general, this result suggests the variable capacity of the microorganisms to degrade isomers and the difference in pathways that can be followed in the degradation under anaerobic conditions. Further, it is also found that phenol as a single substrate and phenol / m-cresol mixture can be treated effectively without any carbohydrate co-substrate. Co-Substrate addition to phenol degradation has been a common practice Kennes et al., 1997) . From day 8 the reactor was considered to be operating at a steady state condition because relatively stable effluent quality was achieved. The treatment efficiency reduced drastically in phase 6. The influent concentrations of phenol and m-cresol in this phase were 500 mg l -1 and 1000 mg l -1 respectively. The biomass concentration in reactor starts decreasing gradually. Reactor was unable to remove the substrates biologically and the substrates concentration in the effluent increased sharply. Thus it was concluded that the system failure took place in reactor and it was stopped. The maximum phenol concentration of 600 mg l -1 was successfully treated with efficiency of 80%. Introduction of m-cresols in the phenols inhibited treatment efficiency temporarily. However, after acclimatization, m-cresol was also degraded effectively. UASB reactor was successfully used to study the biodegradation of phenol and m-cresol up to ratio (1.25:1) (300:250 mg l -1 ) and the results shows that it is important to consider phenol/cresol ratio to avoid toxic effects.
While for aerobic studies a start up period of 30 days was required to acclimatize the bacteria with phenol, the concentration of phenol was gradually increased from 200 mg l -to 1000 mg l -1 , as batch culture. The aerobic culture was then transferred to the SBR wherein m-cresol was also introduced with the phenols. Introduction of m-cresol in the phenol inhibited treatment efficiency temporarily. The maximum phenol and m-cresol up to (1.1: 1) (800: 700 mg l -1 ) was successfully treated with efficiency of 95% in SBR.
The results indicate that aerobic treatment using SBR and anaerobic treatment using UASB can be successfully used for biodegradation of phenolic wastewater of phenol / cresol mixture, representative of major substrates in chemical and petrochemical wastewater and the results shows that it is important to consider phenol/cresol ratio to avoid toxic effects. Moreover, SBR was found as a better alternative than UASB reactor as it is more efficient and higher concentration of m cresols can be successfully degraded
